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Heat Transfer and Pressure Drop of Single Phase Flow
inside Internally Grooved Tubes

Shigeru KOYAMA, Norihiro INOUE*, Satoshi HIRAKUNI**
Ken KUWAHARA and Tetsu FU]JII

Experiments on single phase heat transfer and pressure drop inside three kinds
of internally grooved tubes and a smooth tube were carried out using water and
HCFC22 vapor as test fluids. For the case of water, the average heat transfer
coefficient over the 1000mm long test section heated electrically and the static
pressure drop through the 1400mm long test section were measured in the range of
mass velocities of 230 to 1420kg/(nfs), Reynolds numbers of 8x10* to 1.6 X10* and
heat flux of 10.to 4TkW/ni. For the case of HCFC22 vapor, the average heat
transfer coefficient over the 800mm long test section, which was heated by water
flowing in a surrounding annulus, was measured in the range of mass velocities of
110 to 220ke/(nfs), Reynolds numbers of 7X10* to 2X10°, vapor pressures of 0.4 to
0.65MPa and heat flux of 5 to 35kW/nf. For the smooth tube, the measured friction
factors agree well with a theoretical equation for fully developed laminar flow inside
a smooth tube in the range Re < 2Xx10° and the Colburn equation in the range Re =
3% 10° The measured heat transfer coefficients in the range 3X10° < Re < 7X10°
are in better agreement with the values predicted by the Gnielinski equation using
the Blasius equation than those using the Colburn equation. For the internally
grooved tubes, the measured friction factors are about 20% higher than the
theoretical equation for a smooth tube in the range Re <2X10* and about 5 to 9%
higher than the Blasius equation in the range 3X10° < Re < 7x10% In the range
Re = TXx10° the measured values increase with the increase of Reynolds number,
having a different tendency from empirical equations for a smooth tube. The
mieasured heat transfer- coefficients for the grooved tubes agree well with those for
the smooth tube in the range 3X10° <Re < TX10°, while the former values are
higher than the latter ones in the range Re = 7X10°. An empirical equation for
heat transfer coefficients of the grooved tubes is also obtained in the range 10* <
Re < 2X10°
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(1) Flow control valve (6) Pump
(2) Flow meter (7) Power meter
(3) Mixing chamber (8) Variable resistor
(@) Test tube (9) AC 100V power source
(5) Source water tank
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Tube type I Grooved (1) l Grooved (2) l Grooved (3) j Smooth J
Shape of Groove _trapezoidal trapezoidal triangular -
Outer diameter D (mm) 9.52 10.00 9.52 9.50
Inner diameter d (mm) 8.52 8.14 8.16 7.90
Wall thickness TF (mm) 0.30 0.53 0.77 0.8
“Fin height h  (mm) 0.20 0.17 0.15 -
Helix angle B ®) 18 18 30 -
Number of fin N (=) 60 60 60 -
560 , @ 1400
Heater
Inlet rL/ y 1000 Outlet
g NN —>
Y T D T
8§60 N 408 4038
1860
2060

T : Hot junction of thermocouple
P : Pressure tap
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Insulating tape Heat insulating material ¢\
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[ Tube type l Grooved (1) I Grooved (2) [ Grooved (3) l Smooth —l
Mass velocity (kg/m?-s) | 233~1163 252 ~ 1262 256 ~ 1280 283 ~ 1417
Reynolds number Re (—) 3200 ~ 11600 | 3180 ~ 11600 | 3300~ 12200 | 3500 ~ 12800
Heat flux (kW/mz) 10.0 ~ 42.4 10.8~44.1 10.9~444 11.4 ~ 46.8
Prandtl number Pr (=) 6.5~ 6.6 6.5~6.6 6.5~ 6.7 6.5 ~6.7
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